Objective We examined the safety and efficacy of endoscopic stone removal for choledocholithiasis in elderly patients ! 90 years of age with native papilla and compared the outcomes with those in patients 75-89 years of age. Methods This multicenter retrospective study included 569 patients 75-89 years of age and 126 patients ! 90 years of age who had native papilla and underwent therapeutic endoscopic retrograde cholangiopancreatography (ERCP) for choledocholithiasis at 3 institutions in Japan between April 2012 and March 2018. The main outcomes assessed were the incidence of post-ERCP complications during hospitalization and outcomes of ERCP in patients ! 90 years of age. Results Biliary cannulation and subsequent endoscopic sphincterotomy, endoscopic balloon dilation, and endoscopic large balloon dilation were successful in 97.7% of patients 75-89 years of age and in 98.4% of patients ! 90 years of age. There was no significant difference in the incidence of post-ERCP complications between patients 75-89 years of age and those ! 90 years of age (7.7% vs. 9.5%, respectively; p=0.47). Although the rate of use of mechanical lithotripter was not significantly different, the rate of complete stone removal in patients ! 90 years of age was lower than that in patients 75-89 years of age (81.0% vs. 94.9%, respectively; p<0.001). In all cases with incomplete stone removal in both groups, permanent biliary stent placement was successful. Conclusion ERCP for choledocholithiasis in elderly patients ! 90 years of age is a safe and effective procedure; however, endoscopists should select appropriate strategies after considering each patient's medical condition and background.
ERCP complications, such as post-ERCP pancreatitis (PEP), cholangitis, bleeding, and perforation, in addition to common endoscopic complications, such as pneumonia (3) , which pose serious problems for elderly patients.
In Japan, an age of " 75 years is classified as old age, while individuals " 90 years of age are classified as oldestold (4) . Previous studies have investigated the efficacy and safety of therapeutic ERCP for elderly patients using a cutoff age of 80-85 years (5) (6) (7) (8) ; there have been only a few studies on the efficacy and safety of endoscopic stone removal in elderly patients " 90 years of age. Previous studies published in 2000 and 2006 showed that there was no significant difference in the incidence of post-ERCP complications between elderly patients " 90 years of age and elderly patients 70-89 years of age. In elderly patients " 90 years of age, the rate of complete stone removal was lower, additional ERCP attempts were required to achieve stone clearance, and mechanical lithotripters were used more frequently than in those 70-89 years of age (9, 10) .
However, these studies included small populations of elderly patients " 90 years of age, and endoscopic papillary large balloon dilation (EPLBD) has become increasingly popular following the publication of these reports. We therefore examined the efficacy and safety of endoscopic stone removal in a large cohort of elderly patients " 90 years of age and compared their outcomes with those observed in elderly patients 75-89.
Materials and Methods

Patient selection and study design
Medical records pertaining to patients who had undergone therapeutic ERCP for choledocholithiasis at three institutions in Japan between 2012 and March 2018 were retrospectively reviewed. The inclusion criteria were as follows: (1) elderly patients " 75 years of age with choledocholithiasis; (2) patients with native papilla who underwent endoscopic sphincterotomy (EST), endoscopic papillary balloon dilation (EPBD), or EPLBD; and (3) patients with a normal gastrointestinal tract or Billroth I reconstruction. The exclusion criteria were as follows: (1) patients ! 74 years of age; (2) history of EST, EPBD, or EPLBD; and (3) history of Billroth II or Roux-en-Y reconstruction. A total of 695 elderly patients " 75 years of age (569 elderly patients 75-89 years of age and 126 elderly patients " 90 years of age) met the study selection criteria and were included in this study (Figure) .
This study was approved by the Institutional Review Boards of each of the participating institutions. Informed consent was obtained from all patients prior to their enrollment.
Outcomes
The primary outcome of this study was the incidence of post-ERCP complications during hospitalization. Secondary outcomes were the frequency of mechanical lithotripter use, the number of successful procedures (complete stone removal or permanent biliary stent placement), and the number of ERCP sessions associated with a successful procedure.
Study definitions
Trainee endoscopists
Trainee endoscopists were defined as endoscopists who had performed <200 ERCP procedures or who could per-form only procedures equivalent to Grade 1 with or without assistance, according to the ERCP core curriculum published in 2016 (11) .
Post-ERCP complications Post-ERCP complications were defined as all complications that occurred after the ERCP procedure and during hospitalization. Post-ERCP complications included PEP, bleeding, perforation, acute cholangitis/cholecystitis, pneumonia, and cardiovascular and cerebrovascular events. Acute cholangitis/cholecystitis was diagnosed and graded based on the Tokyo guidelines 2018 (12) . Post-ERCP complications, except for acute cholangitis/cholecystitis, were diagnosed and graded based on a lexicon for endoscopic adverse events (13) .
Incomplete stone removal and successful procedure Incomplete stone removal was defined as cases with successful cannulation wherein complete stone removal could not be achieved (excluding cases with unsuccessful cannulation). A successful procedure was defined as complete stone removal or permanent biliary stent placement in cases with incomplete stone removal.
Emergency ERCP Emergency ERCP was defined as ERCP performed within 24 hours of the choledocholithiasis diagnosis.
Severe medical conditions as the reason for incomplete clearance
Severe medical conditions were defined as the reason for incomplete clearance in cases with an unstable cardiorespiratory condition before ERCP or with a high risk of deterioration of the cardio-respiratory condition during or after ERCP.
Diagnostic procedure
One or more imaging examinations, including computed tomography (CT), magnetic resonance cholangiopancreatography (MRCP), endoscopic ultrasonography (EUS), ultrasonography (US), and cholangiography via percutaneous transhepatic gallbladder drainage tube (PTGBD), were performed for the diagnosis of CBD stones in all patients. In cases not diagnosed by imaging examinations, clinical findings such as abdominal pain, dilated CBD, and/or elevated liver function tests were used to establish the diagnosis. The Tokyo guidelines 2018 were used for the diagnosis and grading of acute cholangitis (12) .
Criteria for performing ERCP for choledocholithiasis at our institutions
At our institutions, the criteria for ERCP for choledocholithiasis required patient consent for the procedure, including detailed information regarding post-ERCP complications. Patients could not exhibit respiratory or circulatory dysfunction if they were to undergo ERCP.
Therapeutic procedure
Twenty-five endoscopists were included in this study. Nine of these 25 were trainee endoscopists. ERCP procedures performed by trainee endoscopists were assisted by experienced endoscopists. Side-viewing duodenoscopes (Olympus JF-260, TJF-260V; Olympus Medical Systems, Tokyo, Japan) were used in all patients. Intravenous midazolam and/or pethidine hydrochloride were administered for sedation. The doses of midazolam and pethidine hydrochloride were determined based on the sedation protocol at our institutions.
In patients 75-89 years of age who weighed <70 kg, the doses of midazolam and pethidine hydrochloride were 1 mg and 17.5-35 mg, respectively, while the doses in those who weighed ! 70 kg were 2 mg and 17.5-35 mg, respectively. In patients ! 90 years of age, the doses of midazolam and pethidine hydrochloride were 1 mg and 17.5 mg, respectively, regardless of weight. Scopolamine butylbromide or glucagon was used for duodenal relaxation. After biliary cannulation, EST, EPBD, or EPLBD followed by biliary stent placement or stone removal was performed. EPLBD was indicated for patients with large and/or multiple stones, with CBD dilation, which were difficult to remove by either EST or EPBD. One or more devices, including balloon catheter, basket, and/or a mechanical lithotripter, were used to remove the CBD stones. A permanent biliary stent was placed in patients with a poor performance status, severe medical condition, and multiple and/or large stones that were difficult to remove based on the endoscopist's decision.
Statistical analyses
Between-group differences with respect to the demographic and clinical characteristics, ERCP-related findings and outcomes, the reasons for incomplete stone removal, and complications and severity of ERCP were assessed using the chi-squared test, Fisher's exact test, or t-test, as appropriate. All statistical analyses were performed using R version 3.5.1 (http://www.R-project.org). P values <0.05 were considered indicative of statistically significant differences.
Results
Demographic and clinical characteristics
Demographic and clinical characteristics of the study population are presented in Table 1 . Compared to patients 75-89 years of age, significantly more elderly patients ! 90 years of age underwent emergency ERCP, had severe acute cholangitis, exhibited a dilated common bile duct (>10 mm), and had a poor performance status (3 or 4). Although not statistically significant, patients ! 90 years of age were more likely to exhibit large stones (>10 mm) and multiple large stones, compared with patients 75-89 years of age. 
Diagnostic modality for CBD stones
Findings and outcomes of ERCP
ERCP-related findings and outcomes are presented in Table 2. No significant differences were observed between elderly patients 75-89 years of age and elderly patients ! 90 years of age with respect to the proportions of procedures performed by trainee endoscopists, the rate of successful cannulation, pancreatic guidewire-assisted cannulation, pancreatic injections, precut sphincterotomy, EST, EPBD, EPLBD, cannulation time >10 minutes, prophylactic pancreatic stent placement, or procedure time. Complete stone removal was achieved in 540 of the 569 (94.9%) elderly patients 75-89 years of age and in 102 of the 126 (81.0%) elderly patients ! 90 years of age (p<0.001). In both groups, a permanent biliary stent was successfully placed in all patients with successful cannulation where complete stone removal could not be achieved. No significant between-group differences were observed regarding the use of a mechanical lithotripter, mean number of ERCP sessions per patient required for a successful procedure, and the mean hospital stay duration.
Reasons for incomplete stone removal
The reasons for incomplete stone removal are presented in Table 3 . Among patients with incomplete stone removal, significantly more patients ! 90 years of age were unable to tolerate complete stone removal because of severe medical conditions or a poor performance status or dementia than patients 75-89 years of age. 
Incidence of post-ERCP complications
Of the 695 patients, 56 (8.1%) experienced post-ERCP complications during hospitalization, including PEP, cholangitis/cholecystitis, bleeding, perforation, pneumonia, and cardiovascular and cerebrovascular events. The incidence of complications among patients 75-89 years of age and patients ! 90 years of age was 7.7% (44/569) and 9.5% (12/ 126), respectively. There were no significant differences in the incidences of post-ERCP complications between patients 75-89 years of age and patients ! 90 years of age (Table 4) .
Severity of post-ERCP complications and mortality
The severity of post-ERCP complications and mortality rates are shown in Table 5 . There were no significant between-group differences with respect to the severity of post-ERCP complications. The overall mortality rate in our study population was 0.14% (1/695).
Discussion
In the present retrospective study, we compared the safety and efficacy of endoscopic stone removal between elderly patients ! 90 years of age and elderly patients 75-89 years of age. No significant between-group differences were observed with respect to the incidence of post-ERCP complications. Although there was no significant between-group difference with respect to the rate of use of mechanical lithotripter, the rate of complete stone removal in elderly patients ! 90 years of age was significantly lower than that in elderly patients 75-89 years of age.
Several studies have assessed the safety and efficacy of endoscopic removal of CBD stones in elderly patients using the cut-off age of 80-85 years. The results showed that the safety and efficacy of endoscopic stone removal in elderly patients is comparable to that in younger patients (5) (6) (7) (8) . In Japan, patients ! 90 years of age are defined as the oldestold patients (4) , and a few studies with small sample sizes have assessed the efficacy and safety of stone removal using ERCP in this population. For example, a study found no significant difference in the incidence of post-ERCP complications between elderly patients ! 90 years of age (n=22) and those 70-89 years of age (n=381) [5% (1/22) vs. 7% (26/381), respectively]. However, the rate of duct clearance was lower in elderly patients ! 90 years of age than in those 70-89 years of age (86% vs. 95%, respectively) (9). Another study that included 63 patients ! 90 years of age with pancreatobiliary diseases (including 51 with CBD stones) found no significant difference in the rate of post-ERCP complications between patients ! 90 years of age and those 70-89 years of age [6.3% (4/63) vs. 8.3% (29/350), respectively]. However, the number of ERCP attempts for stone clearance was higher, and the use of mechanical lithotripter was more frequent among patients ! 90 years of age than in those 70-89 years of age (10) . In the present study, there was no significant difference in the incidence of post-ERCP complications between patients 75-89 years of age and those ! 90 years of age (7.7% and 9.5%, respectively), and the incidence of moderate-to-severe complications was also comparable between the groups (45.5% and 58.3%, respectively). The reasons for the comparable incidence of post-ERCP complications and complication severity in the two patient groups might be patient selection and the selection of appropriate endoscopic strategies. At our institutions, patients who met the criteria for ERCP for choledocholithiasis underwent ERCP. Severe cholangitis was more frequently observed in patients ! 90 years of age than in those 75-89 years of age. Patients who were unable to tolerate ERCP were treated by alternative methods, such as antibiotics and percutaneous biliary drainage. Alternative methods were therefore more frequently used in patients ! 90 years of age than in those 75-89 years of age in the present study. Furthermore, permanent stent placement was performed in high-risk patients with a poor performance status or dementia, severe medical conditions, or large and/ or multiple stones that were difficult to remove, based on the endoscopist's decision. Therefore, when performing ERCP, especially in elderly patients ! 90 years of age, appropriate patient selection and appropriate selection of endoscopic strategies is important.
Although a previous report showed that use of a mechanical lithotripter was more frequent in patients ! 90 years of age (9, 10) , no significant between-group difference was observed in the present study. This might be because patients ! 90 years of age with large and/or multiple stones were treated with EPLBD in our study. EPLBD, first reported in 2003, is effective for removing multiple and large CBD stones that are difficult to remove using EPBD or EST alone (14) . In previous studies, stone clearance rates for large stones (>12-15 mm) without the use of the mechanical lithotripter were 89-99% in patients treated with EPLBD (14) (15) (16) . In the present study, EPLBD was performed in patients with multiple and/or large stones. Patients ! 90 years of age were more likely than those 75-89 years of age to exhibit multiple and/or large stones, although this dif-ference was not statistically significant. This may explain the lack of any significant between-group differences in the frequency of mechanical lithotripter use in the present study.
In the present study, elderly patients ! 90 years of age had a more severe medical condition, poorer performance status, and larger stones than those 75-89 years of age; therefore, the rate of stone clearance was significantly lower than in patients 75-89 years of age (81.0% vs. 94.9%, respectively). These findings are in agreement with earlier reports (9) . A previous report showed that biliary stent placement for two months resulted in partial or complete resolution of large or multiple stones without any complications (17) . For patients in whom complete stone removal is difficult to achieve due to large or multiple stones, regardless of the use of mechanical lithotripter or EPLBD, biliary stent placement at the initial ERCP and subsequent stone removal after two months may be an effective strategy. Long-term biliary stent placement is another alternative strategy for elderly patients with unsuccessful stone clearance. In a prospective study, the patency rates of plastic biliary stent for choledocholithiasis at 6, 12, and 24 months were 94%, 79%, and 58%, respectively (18) . In a systematic review, the mean incidence rates of late complications, biliary-related mortality, and nonbiliary-related mortality were 23%, 3.3%, and 20.5%, respectively (19) . Long-term biliary stent placement and close follow-up to detect late complications, such as stent obstruction, are viable options for elderly patients with a poor performance status, severe medical conditions, and multiple and/or large stones.
Appropriate sedation is essential for the success of ERCP procedures. However, sedation can cause oxygen desaturation and/or hypotension. Airway obstruction and respiratory depression have been shown to be the most critical risk factors for mortality associated with endoscopic procedures performed under sedation. The incidence rates outside the operating room were two times higher than inside the operating room (20) . In the present study, there were no significant between-group differences in cardio-respiratory complications, possibly because the dose of medication for sedation was determined by the patient's age and weight, based on our institutions' protocols. However, one of our patients discontinued ERCP after EST because of oxygen desaturation caused by sedation. Fortunately, this patient underwent complete stone removal a few days later. ERCP should be carried out under careful vital sign monitoring, especially in elderly patients.
Although the incidence of post-ERCP complications in patients ! 90 years of age was comparable with that in patients 75-89 years of age in this study, a previous study that examined the risk factors for complications of ERCP among patients ! 85 years of age found that only age ! 90 years was a significant risk factor for therapeutic ERCP (21) . Another study showed that elderly patients ! 75 years of age tended to experience more severe complications during endoscopic stone removal than patients <75 years of age (22) . Therefore, detailed counseling of elderly patients and their caregivers about the risks of post-ERCP complications is imperative prior to performing ERCP.
Several limitations associated with the present study warrant mention. First, the present study was a retrospective study. Second, one of the participating institutions suffered extensive damage during the Kumamoto earthquake in April 2016. Owing to the disruption caused by the earthquake, the data obtained from that institution pertained only to a 4-year period (April 2012 to April 2016). Third, only patients who met the criteria for ERCP for choledocholithiasis at our institutions were analyzed. We did not determine the proportion of elderly patients 75-89 years of age and ! 90 years of age who were treated by alternative methods (without ERCP), such as antibiotics and percutaneous biliary drainage. Furthermore, permanent stent placement was performed in patients with a poor performance status or dementia, severe medical conditions, or large and/or multiple stones that were difficult to remove, based on the endoscopist's decision. Therefore, because our study population was defined by our institutions' criteria and our endoscopists' decisions, a selection bias likely exists. Fourth, the long-term outcomes of ERCP in elderly patients ! 90 years of age are unclear because the primary outcome of this study was post-ERCP complications during hospitalization.
In conclusion, we found that the incidence of post-ERCP complications during hospitalization in elderly patients ! 90 years of age was similar to that in elderly patients 75-89 years of age. Although the complete stone removal rate was lower in elderly patients ! 90 years of age than in those 75-89 years of age, biliary stent placement was successful in all patients with incomplete stone removal. Among elderly patients with choledocholithiasis ! 90 years of age, ERCP is a safe and effective procedure; however, when performing ERCP in very elderly patients, endoscopists should consider the risks of ERCP based on each patient's medical condition and background and select the appropriate strategy for the patients.
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